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ABSTRACT

For seismic resistant design of the ventilation ducts, it is the most
popular and convenient way to idealize duct as a simple beam model and to
compute maximum support spacing which makes duct rigid enough. However,
few practical data are available to assume the precise stiffness of thin-
walled duct on which accurate prediction of dynamic properties depends
essentially.

In this paper, the experimental study including the vibration tests
and the static load tests with regard to two full scale duct models is
described and a comparison between experimental and analytical results on
the dynamic properties, the deflections and the stress distributions is
discussed. Also, the mode of failure of the ducts due to vertically applied
static load with negative internal pressure is observed.

The results derived from this study are as follows:

1) As for circular duct, the measured fundamental frequency is in good
agreement with the analytical prediction assuming that whole cross
section contributes to the stiffness of duct.

2) As for rectangular duct, the cross section of flanges scarcely
contributes to the stiffness of duct.

3) As for circular duct, the measured load-deflection relationship
and the buckling load are in good agreement with the analytical
prediction by Finite Element Method and Donnell's Shell Theory.

4) The fraction of critical damping of both models is approximately
2%,



1. Introduction

In the aseismic design of ventilation ducts to be installed in nuclear
facilities, it is general practice to calculate such support spacing as to
make ducts rigid enough to avoid any amplification of acceleration during
earthquakes. In order to ensure the rigidity, it is recommended that the
fundamental frequency of the duct is higher than 20 HZ or more than two
times as high as that of the structure.

In the calculation of fundamental frequency, however, there lies a
major uncertainty in the assumption of the stiffness of duct on which accu-
rate prediction of dynamic properties depends essentially. This is so
mainly because few practical design data are available to assume the appro-
priate stiffness accounting for the effects of shear lag, local buckling or
distortion of cross section which are expected to occur in thin-walled ducts
and cause the reduction of the stiffness.

This paper discusses the comparison of experimental results with analy-
tical results on the dynamic properties, the static deflection and the
static longitudinal stress distribution of the thin-walled ducts.

2, Experimental Study

2.1 Test Specimens

Two full scale duct models which were freely supported at both ends
were prepared: one was a stainless steel duct of a circular cross section,
and the other was a steel duct of a rectangular cross section, The outline
and dimension of the specimens are shown in Fig. 1 and 2. Young's modulus
of stainless steel and steel used for the specimens are 1.72 XlOGKg/cmzand
1.68 XlOsKg/anrespectively.

2.2 Vibration Test

2.2.1 Testing Method

The forced vibration tests by a mechnical vibrator were performed
in order to obtain the response acceleration of the models. The vibrator
with the frequency range from 3 HZ to 35 HZ and the maximum exciting force
of 145 Kg was mounted at the middle of the span as shown in Fig. 3.

2.2,2 Test Results

The resonance curves of the circular duct and the rectangular
duct are shown in Fig. 4 and 5 respectively. Here the horizontal axis
shows the frequency of the vibrator and the vertical axis shows the response
acceleration at the middle of the span divided by frequency squared.

These curves show that the fundamental frequencies of the circular duct
and the rectangular duct are 22.0 HZ and 13.0 HZ, and the fractions of them
are 2.28% and 2.0% respectively.

2.3 Static Load Test

2.3.1 Testing Method
The specimens were additionally loaded by five oil jacks in the
vertical direction. The jacks were attached under the testing floor, being

connected with five loading points by steel rods as shown in Fig. 6 and 7.
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The deflections and the strains were measured with dial gauges and wire
strain gauges.

Prior to the loading, internal pressure of both models were reduced to
the negative pressure of 300 mmWG by using a vacuum pump.

The static load was gradually increased up to the buckling load and
the mode of failure of both models was observed.

2.3.2 Test Results

The load-deflection relationships of the circular duct and the
rectangular duct are shown in Fig. 8 and 9 respectively. Here the horizon-
tal axis shows the deflection at the middle of the span and the vertical
axis shows the load applied at each loading point.

Fig. 10 and 11 show the longitudinal stress distribution along the
cross section at the middle of the span of both models. The modqs of
failure of them are shown in Fig. 12 and 13 respectively.

3. Analytical Study

3.1 Eigenvalue Analysis

The eigenvalue analysis was performed on the test models using Finite
Element Method and Timoshenko's Bending-Shearing Beam Theory. As for the
circular duct, Finite Element Method and Beam Theory gave the fundamental
frequency of 24.3 HZ and 24.0 HZ respectively. As for the rectangular
duct, 23.9 HZ and 24.2 HZ respectively. The latter decreases to 9.41 HZ
provided only the cross section of webs contribute to the stiffness of duct.

3.2 Static Analysis

The static analysis was performed to obtain the load-deflection relati-
onship within the elastic limit, the longitudinal stress distribution along
the cross section and the buckling load. As for the circular duct, the
load-deflection relationship and the buckling load are shown in Fig. 8
together with the test results. The buckling load was derived from
Donnell's Shell Theory. Also, the stress distribution is shown in Fig. 10
together with the test result. As for the rectangular duct, the load-
deflection relationship and the stress distribution are shown in Fig. 9 and
11 together with the test results. The test result of the stress distri-
bution of the rectangular duct is rather different from the analytical
prediction. One of the causes of this difference could be the destortion
of the cross section due to the welding of thin plates.

4. Conclusion

From the comparison between experimental and analytical results
described above, it is concluded that:

1) As for the circular duct, the measured fundamental frequency is in
good agreement with the analytical prediction assuming that whole
cross section contributes to the stiffness of duct.

2) As for the rectangular duct, the cross section of flanges scarcely
contributes to the stiffness of duct.
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3) As for the circular duct, the measured load-deflection relation-
ship and the buckling load are in good agreement with the analy-
tical prediction by Finite Element Method and Donnell's Shell
Theory.

4) The fraction of critical damping of both models is approximately
2%,
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Fig. 2 Test specimen of rectangular duct

Fig. 3 The vibration test
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Fig. 6 The static load test of circular duct

Fig. 7 The static load test of rectangular duct
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Fig. 9 Load-deflection curve of rectangular duct
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Fig. 11 Sress distribution of rectangular duct
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Fig. 12 Mode of failure of circular duct

Fig. 13 Mode of failure of rectangular duct
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